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I. INTRODUCTION 


In special relativity, the Wigner rotation corresponds to the product of two Lorentz boots 
in different directions which gives rise to a boost preceded or followed by a rotation 1, 2|. 
Besides, the Wigner rotation is characterized by leaving the 4-momentum of the particle 
unchanged and making a precession of the spins in the rest frame of the particles. One 
effect associated with the Wigner rotation is the Thomas precession jf), 4]. Another effect 
associated with the Wigner rotation is the precession of spins of the relativistic Einstein- 
Podolsky-Rosen (EPR) correlation jfj] with respect to the initial configuration of spins due 
to the action of Lorentz transformations. This precession of spins yields an apparent dete¬ 
rioration of the initial correlations between the spins and decreases the degree of violation 
of the Bell inequality. In Refs. j6-10|, it is shown that there exists decrease in the degree 


of the Bell inequality is yielded by the relativistic motion of the particle in the Minkowski 
spacetime. On the other hand, in curved spacetime, the decrease in the degree of the Bell 
inequality is yielded by the relativistic motion of the particles, the gravitational field and 


the position of the observers 
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15]. Other 


m 


curved spacetime have been made in Refs. 16-21], 


eresting studies of quantum entanglement in 


A geometric approach was proposed by Borzeszkowski and Mensky 22] in order to study 
the relativistic EPR correlations in the presence of a gravitational field by applying the 
parallel transport along the world lines of the particles. However, Terashima and Ueda 
12] showed that by taking into account the accelerated motion of the particle and the 
gravitational field, thus, the parallel transport cannot yield the perfect direction of the 
relativistic EPR correlations. From this perspective, a g eometric approach based on the 


Fermi-Walker transport has been proposed in Ref. 


14] in order to obtain the Wigner 


rotation angle and the precession of the spins of a relativistic EPR correlation. 

In this paper, we discuss the Lorentz symmetry breaking effects on relativistic EPR 
correlations. We start by introducing the description of fermions in curved spacetime in 
the presence of Lorentz symmetry breaking effects. The interest in studying the violation 
of the Lorentz symmetry, for instance, comes from the origin of electron electric dipole 


moment in which is not explained by the Standard Model o 
days, just experimental upper bounds have been established 


particle physics. At present 


23]. From this perspective, a 


necessity of investigating the physics beyond the Standard Model has arisen. A possible way 
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of dealing with a scenario beyond the Standard Model is the extension of the mechanism 
for spontaneous symmetry breaking through vector or tensor fields, which implies that the 
Lorentz symmetry is violated. The seminal work made by Kostelecky and Samuel 24] 
in the string theory, where it is shown that the Lorentz symmetry is violated through a 
spontaneous symmetry breaking mechanism triggered by the appearance of nonvanishing 
vacuum expectation values of nontrivial Lorentz tensors, is considered to be the starting 
point for building several models that deal with the violation of the Lorentz symmetry. 
Such models are considered to be effective theories whose analysis of the phenomenological 
aspect at low energies may provide information and impose restrictions on the fundamental 
theory in which they stem from. In particular, a geometrical approach to investigating 
the effects of the violation of the Lorentz symmetry on photons was proposed in Refs. 


25 


26], where the Lagrangian of the modified Maxwell theory coupled to gravity is written 


in terms of an effective metric tensor. Therefore, our first objective in this work is to extend 
the geometrical approach proposed in Refs. 25, [26] to a fermionic field by modifying the 
Minkowski spacetime. Then, by establishing a possible scenario of the Lorentz symmetry 
violation, we wish to investigate the effects of the Lorentz violation on a gedanken experiment 
with relativistic entangled particles. From a classical mechanical point of view, we obtain the 


ler, from a quantum 
28] and study the 


Wigner rotation angle via the Fermi-Walker transport of spinors. Furt 
mechanical point of view, we consider the WKB approximation [27, 
influence of Lorentz symmetry breaking effects on the relativistic EPR correlations. 

The structure of this paper is as follows: In section II, we make a brief introduction 
to the modified Maxwell theory coupled to gravity that allows us to obtain an effective 
metric for a curved spacetime under Lorentz symmetry breaking effects; in section III, we 
introduce the Fermi-Walker transport of spinors and establish a fixed time-like 4-vector in 
which determine the scenario of the Lorentz symmetry. Then, we calculate the Wigner 
rotation angle; in section IV, we discuss the effects of the Lorentz violation symmetry on 
the relativistic EPR correlations and on the Bell inequality; in section V, we present ours 
conclusions. 
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II. GEOMETRICAL APPROACH 


Due to a lack of a more fundamental theory that, for instance, explain the upper bounds 


established in experiments for the electron electric dipole moment 


23 


29j, a necessity of 


investigating the physics beyond the Standard Model has arisen in recent years. A possible 
way of dealing with a scenario beyond the Standard Model was proposed by Kostelecky and 
Samuel 24] in the string theory, where there exists an extension of the mechanism for the 
spontaneous symmetry breaking via vector or tensor fields which implies that the Lorentz 
symmetry is violated. These models that deal with the physics beyond the Standard Model 
are considered as effective theories and are called as the Standard Model Extension (SME) 


30]. In this framework, the effective Lagrangian corresponds to the usual Lagrangian of 


the Standard Model to which is added to the Standard Model operators a Lorentz vio¬ 
lation tensor background. The effective Lagrangian is written as an invariant under the 
Lorentz transformation of coordinates in order to guarantee that the observer independence 
of physics. However, the physically relevant transformations are those that affect only the 
dynamical fields of the theory. These changes are called particle transformations, whereas 


the coordinate transformations 
transformations. In Refs. 


including the background tensor) are called the observer 


31H33J, one can find a deep analysis of these concepts. Concern¬ 


ing the experimental searches for the CPT/Lorentz-violation signals, the generality of the 
SME has provided the basis for man y in vestigations. In the flat spacetime limit, empirical 


studies include muons [34!, mesons 35> 36], baryons [37], [38[, photons 39 


40j |, electrons 

4l|, neutrinos 42] and the Higgs sector |43|. The gravity sector has also been explored 
45]. In Ref. 46], one can End the current limits on the coefficients of the 


in Refs. 


44 


Lorentz symmetry violation. In recent years, Lorentz symmetry breaking effects have been 
investigated in the hydrogen atom on the Rashba coupling 


48 


52 


49], in a quantum ring 


53], in the quantum Hall effect 


5Q], in Weyl semi-metals [5l|, in tensor backgrounds 
[54] and geometric quantum phases [ 55 L 5 71. 

After the seminal work made by Kostelecky and Mewes 58, |59], a great deal of works [25 

y,y,0y,g,y,BH have discussed the extension of the Standard Model in the even 

sector of SME by the following term: S = — j f d 4 x K a b c d F ab F cd . In particular, the tensor 
Kabcd, does not violate the CPT-synnnetry. It is well-known t 


rat the violation of the CPT- 


synnnetry implies that the Lorentz invariance is violated 64], however, the reverse is not 
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necessarily true. The action S = —j f d 4 x K a bcd F ab F cd breaks the Lorentz symmetry in the 
sense that the tensor K abcd has a non-null vacuum expectation value. It is worth mentioning 


that the properties of the tensor K abcd are the same o 


additional double-traceless condition. From Refs. 


25 


le Riemann tensor, but it has an 


26 


65], the tensor K a bcd in terms of 


a traceless and symmetric matrix n ab as K abcd = \ (r/ ac k bd - rj ad k bc + rj hd k ac - r] bc R ad ). In 
addition, we can dehne a normalized parameter 4-vector £ a that satisfies the conditions: 
£ a £ a = 1 for the timelike case and £ a £“ = — 1 for the spacelike case; thus, we can decompose 
the tensor k ab as k ab = k (£ a £b — Vab ^ ^ c ), where k = | k ab £ a £ b . By following Refs. 26, [65.1, we 
consider parameter k to be a spacetime independent parameter, where 0 < n < 2. Recently, 
two interesting works 25, 26] have shown that the Lagrange density to the nonbirefringent 
modified Maxwell theory coupled to gravity can be written in terms of an effective metric 
tensor g /JV (x) as £ modM = ~y/g (l- - k «£«£") \ F^ (x) F pa (x) g^p (x) g va (x), where this 


effective metric tensor is given by 25 | [26]: 


9ix P (x) = g w (x) -e£p£ p , 


( 1 ) 


where the parameter e is defined as e = and g pv g ua = . However, the rules of 

lowering or raising of indices are performed by using the original background metric g jW (x) 
and its inverse g pu (a;). 

In recent years, a geometrical approach to study Lorentz symmetry breaking effects has 
been proposed based on the Kaluza-Klein theory, by considering the Lorentz violating tensor 


fields with expectation values along the extra directions 40, [66]. Based on this perspective, 


our proposal is to extend the geometric approximation that gives rise to the effective metric 


tensor (pQ) to a fermionic field by modifying the Minkowski spacetime. In Refs. 25 


26 


67- 


69] is discussed that the generalized second law of thermodynamics would be violated by 
the modified Maxwell theory and fermions in the presence of a black hole. However, if the 
Minkowski spacetime is modified by the effects of a Lorentz symmetry breaking background, 
therefore there is nothing, at first principles, that prohibit fields and particles described by 
the Standard Model to feel the anisotropies described by the effective metric tensor ([T]). Our 
proposal is to analyze the spontaneous violation of Lorentz symmetry as an effective theory 
that can suggest how to move in the direction of a fundamental theory. Therefore, we do 
not analyze limit situations where singularities appear, such as the event horizon, because 
in fact we are not sure that these are real situations in a more fundamental theory. Observe 
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that the way of building the effective metric in Eq. (1) results from the decomposition of the 


tensor K abc( i suggested in Refs. 


25 


26j, therefore our proposal is to extend the geometric 


approximation that gives rise to the effective metric tensor in Eq. 
by modifying the Minkowski spacetime. By comparing with Refs. 


6i 


to a fermionic field 


70], the background 


defined by the effective metric in Eq. (1) can yield an analogue effect of the tensor c^ v in the 
Dirac equation. Both approaches suggest that the violation of the Lorentz symmetry can 
be view in the Dirac equation through the geometry of the spacetime, but they differ from 
each other in the way of coupling the terms associated with the violation of the Lorentz 
symmetry. 

Thereby, the Dirac equation can be written in terms of the effective metric tensor (re). 
Despite we do not work with the Dirac equation directly, we deal with the wave function 
through the WKB approximation 27] and assume that it is a solution to the Dirac equation 


in the spacetime background described by the effective metric tensor (JT]). Therefore, by 
assuming that this extension is possible, the aim of this work is to investigate the Lorentz 
symmetry breaking effects on relativistic EPR correlations in the Minkowski spacetime. By 
establishing a possible scenario of the Lorentz symmetry violation, we obtain the Wigner 
rotation angle viaMhe Fermi-Walker transport of spinors and also consider the WKB ap¬ 
proximation [27, 28] in order that the influence of Lorentz symmetry breaking effects on the 
relativistic EPR correlations can be discussed. 


III. FERMI-WALKER TRANSPORT OF SPINORS AND WIGNER ROTATION 


In this section, we deal with spinors in curvilinear coordinates, then, an appropriate 
way of working is to use the mathematical approach of spinors in curved spacetime since 
spinors are defined locally and where spinors transform according to the infinitesimal Lorentz 
transformations 71]. Therefore, we need to build a local reference frame for the observers 
through a noncoordinate basis defined as 6 a = e a ^ (x) dx where the components e a ^ (x) 
are called tetrads and satisfy the relation: g fW ( x ) = e“ (x) e b v ( x ) r) ab 71-73J, where rj ab = 

diag(-|-) is the Minkowski tensor. Besides, the tetrads have an inverse defined as 

dx M = e M a ( x ) 9 a , and the relations e a M (x) (x) = 5 a b and eJ J ' a (x) e a v (x) = are satisfied. 

It is interesting to note that if a spinor is transported from a point x of the spacetime to 
another point x' under the action of external forces, but without torque, the law of transport 
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is given by the Fermi-Walker transport [f, 74, 75]. For spinors, the Fermi-Walker transport 
is given by 


e< V 0*0 = K ( x ) U ' J ( x ) - " u n ( x ) a " (®)] e “„ (®) , 


( 2 ) 


where ^2 is the covariant derivative, U v (x) = is the 4-velocity, a v (x) = (x) U v ( x ) 

is the 4-acceleration (V M are the components of the covariant derivative) and r is the proper 
time of a particle. The Fermi-Walker transport was introduced in the quantum mechanical 


context by Anandan 28] through the WKB approximation [23], where the wave packet can 
be Fermi-Walker transported from a initial point i to a final point x l if a particle is moving 
in an accelerated path, but no torque exists. In the present work, we propose to modify 
the operator that determines this evolution of the wave packet in order to work with the 
spinorial algebra. Hence, the modified operator that gives rise to the Fermi-Walker transport 
of a spinor is given by 1J, [l5] 

5 — P exp 


IW(z) 


( 3 ) 


where P denotes the path ordering operator, £ a6 = | [ 7 “, 7 ^] is the (spinorial) generator of 
the Lorentz transformations, 7 “ are the Dirac matrices defined in the Minkowski spacetime 


71 


, 76]. The 7 m matrices are related to the 7 “ matrices via 7 ^ = e M a (x) 7 “ 71]. Besides, 


the object Q /J , a b(x) given in Eq. (|3]) is defined as 12 A (x) = u> A (x) + tA (a;) and it 


is called as a connection 1 -form or the spin connection 


fi b v / 1 [i 

This connection 1-form 


can be obtained by solving the the Maurer-Cartan structure equations in the absence of 
torsion d6 a + c o a b A r = 0 73]. Besides, the term tA (a;) was introduced by Anandan 


28] and it arises from the action of external forces on the wave function. It is defined as 


T, 


H b 


(a) = ^ 73 ^ \e a v {%) Cbfi (x) — e°'■ (x) (x)] and it can give rise to quantum effects such 


as the arising of geometric quantum phases associated with the Thomas precession 


In what follows, let us write the Minkowski spacetime in cylindrical coordinates, ds 2 = 
c 2 dt 2 —dp 2 —p 2 dip 2 — dz 2 , in order to study quantum effects associated with Lorentz symmetry 
breaking effects in the geometrical picture given by the effective metric tensor (pQ). Let us 
proceed with the choice of the local reference frame for the observers as being 0 a = cdt, 
6 1 = dp , 9 2 = p dip and 6 3 = dz, and let us consider the normalized parameter 4-vector £ a 
to be a time-like 4-vector given by 


& = (1,0,0,0). 


( 4 ) 
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In this case, we have that the condition (x) 1 (x) = const established in Refs. 25. 2(il 161] 

is satisfied, then, the effective metric becomes 

ds 2 = (1 — e) c 2 dt 2 — dp 2 — p 2 dip 2 — dz 2 , (5) 

and the local reference frame of the observers related to the effective metric given in Eq. (l5]l 
can be defined as 

0 ° = c \/l — e dt] 0 1 = dp; 0 2 = p dp] 0 3 = dz. ( 6 ) 


By solving the Cartan structure equations in the absence of torsion dQ a + c o a b A 0 6 = 0 73], 
we obtain the non-null components of the connection 1 -form: u : 2 1 (x) = — 00^2 ( x ) — 1 - 
Henceforth, let us consider a circular motion with p = const and z — 0; thus, we can deal 
with the system in (2 + 1) dimensions. The components of the 4-velocity are given by 


Tt( ^— C cosh£, (x) = ^ 6 csinh£, 


U l (x) = 


VT 


VP 


_ up $ 

—e c sinh£ ' 
2 


(7) 


More- 


where tanli £ = v — jpzp pp and he proper time of the particle is r 
over, the only non-null component of the 4-acceleration is a p (x) = c sinh“ £. Hence, 
the components of the connection 1 -form r^ a b (x) are (with respect to (2 + 1 ) dimensions): 
T t 1 ( x ) = T t ^ ( x ) = ' (1 p C) sinh 2 £ and r (/ , 1 2 (x) = — r 2 x (x) = —rjy/1 — e sinh 2 £, and the 
non-null components of (x) are 


1 (x) = -O / 0 (x) = —-^ sinh 2 £; 

P 

^2 (x) = -& 2 1 (x) = -V (1 + Vl ~ e sinh 2 f) . 


( 8 ) 


Returning to the operator ([3]) that gives rise to the Fermi-Walker transport of a spinor, we 
have that the Dirac matrices 7 “ are given in (2 + 1) dimensions HQ: 7 0 = cr 3 , 7 1 = icr 1 
and 7 2 = icr 2 , matrices a k are the Pauli matrices and satisfy the relation ( a 1 cP + cP a 1 ) = 

2 . Therefore, the operator (J3J) is written as 


= exp 1 


E 

72—0 


/3 .r . p 

, = COS-h l— sill —, 

n\ \2J 2 p 2 ’ 


(9) 


where T and T 2 are matrices dehned in the form: 


r = 


V2 ~Vl 
Vl ~V2 


r 2 = p 2 


1 0 
0 1 


( 10 ) 
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The parameters written in the matrices above are r/i = T sinh £ cosh £ and rj 2 = 
$ [l + \/l — e sinh 2 £], and the parameter /3 established in Eqs. dHJ) and fjTOjl is 


f3 = ±<E> \J [l + \/l — e sinh 2 £] “ — sinh 2 £ cosh 2 £. 


( 11 ) 


The angle j3 given in Eq. (fTT| is the angle of the Wigner rotation in the Minkowski space- 
time under the influence of Lorentz symmetry breaking effects obtained via the Fermi-Walker 
transport of a spinor. In the present case, we have established a particular background of 
the violation of the Lorentz symmetry defined by a fixed time-like 4-vector ([!]). Note that 
the Wigner rotation angle depends on the parameter £ related to the accelerated motion of 
the particles, the position of the observers and the Lorentz symmetry violation background. 
In particular, the effects of the Lorentz symmetry violation background on the Wigner ro¬ 
tation can be viewed through the presence of the parameter e in Eq. dll]) . On the other 
hand, by taking e = 0 in Eq. (TTTj) , the effects of the Lorentz symmetry violation vanish and 
we recover the Wigner rotation angle in the Minkowski spacetime which is defined by the 
accelerated motion of the particles, the position of the observers 12 ], 


IV. RELATIVISTIC EPR CORRELATIONS AND BELL’S INEQUALITY 


Now, let us deal with the Fermi-Walker transport of spinors in (2 + 1) dimensions in the 
context of the quantum theory. Since classical paths cannot be established in a quantum 
system, we perform the WKB approximation in order to introduce a geometric approach 
yielded by the Fermi-Walker transport operator given in Eq. (]9]) and study relativistic EPR 
correlations in a general relativity background. Let us begin by writing the relativistic EPR 
quantum states in a general relativity background as given in Ref. 12]: 


1 


|^ ± > = [\p a + (x), t; x) \p a _ (x), u x) ± | p a + (x), I; x) | p a _ (x), t; X>] ; 

1 ^) = -j= [\p a + (x), t; x) | p- (z), t; ± \p a + (a), T; x) \p a _ (x), 4 ,; x)], 


( 12 ) 


where p a (x) is defined in the local reference frame of the observers, x denotes the position 
of the observers and a =T, i denotes the spins of the particles. Hence, by definition, each 
state above transforms under local Lorentz transformations in the spin-half representation 
at each local reference frame of the observers. 
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By considering an EPR source and two observers on the plane defined by p — const 
and z — 0 , where their positions are given by the azimuthal angles p = 0 and p = ±<f>, 
respectively, hence, before the emission of the EPR pair of particles from the source in 
opposite directions in the circular motion, the initial states of the particle are described by 


\r) = —{ |pi (o), t; <p = o> | v- (o), I; <p = o> - \ P a + (o) , p = o> \ P a _ (o), t; v = o»U3) 

where the 4-momentum of each particle in the local reference frame is given by P a ± (0) = 
me (cosh£, 0, 0, ±sinh£), and the spins are parallel to the 1-axis of the local reference 
frame as in Ref. 12]. 

After the emission of the relativistic EPR pair of particles, we consider the WKB approx¬ 
imation in order to describe the Fermi-Walker transport of the quantum state (1T3T) from the 
initial point p = 0 to the final points p = ±$ where the observers are placed. Note that the 
operator (J9]) acts on each spin state of the particle, therefore we label S± = cos f ±i ^ sin 
thus, the operator S + = cos f + i ^ sin | acts on the spin states of the particle with momen¬ 
tum , while the operator S_ = cos | — i ^ sin | acts on the spin states of the particle with 
momentum P °_. Let us consider the observers to be in the rest frame of the particles given 
in Eq. (]6|), then, after applying the Fermi-Walker transport on the quantum state (1T3|) . we 
obtain the following quantum state in the points p = ±<L where the observers are placed: 


|C) = cos (3 ) — i cosh£ sin/3 |V ;+ ) + ^ sinh^ sin/3 \4> + ) 


(14) 


Observe that the Fermi-Walker transport operator (J9J) acts on the spinors, that is, on the 
spin states, thus, the quantum state of the correlated particles obtained in Eq. flLf]) is anal¬ 
ogous to the quantum states obtained in Ref. 13] via infinitesimal Lorentz transformations 
(applied at each point of the spacetime from p = 0 to p = ±4>) in the sense that the spins 
of the relativistic correlated particles in the initial EPR correlation undergo a precession 
that depends on the angle /3, while the 4-momentum of the particles remains unchanged in 


the local reference frame of the observers 


28]. ffowever, we can see that the final state of 


the relativistic correlated particles is given by the superposition of the states \ijj ), |r/A) and 


\(p + ) and depends on the angle o 
from the state obtained in Refs. 


the Wigner rotation /3 and the parameter £, which differs 


13]. Moreover, no spurious effects from arbitrary rotations 


of the local axis exist, since the Fermi-Walker reference frame is built in such a way that 
the local axis do not rotate. 
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As pointed out in Refs. [12, [l3|, the states of the relativistic correlated particles after 
undergoing the Wigner rotation suggests that the initial spin anticorrelations given in Eq. 
m are broken if the observers measure the spin in the direction of the 1-axis. Actually, the 
quantum state (JH[) shows that the direction of the spin measurements in which the observers 
can make at the points ip = ±<L must be rotated about the 3-axis of the local reference 
frame of observers through the angles q=/3, respectively. This means that, by knowing the 
relativistic effects that stem from the acceleration of the particles and the background of 
the Lorentz symmetry violation, we can recover the initial spin anticorrelations given in Eq. 
(I13p by rotating the spin axis of measurement through the angles =f/ 3 about the 3-axis of 
the local reference frame of the observers at (p = ±<L. 

Let us analyse the violation of the Bell inequality in this system. Since the particles are 
moving in a circular motion on the plane defined by p = const and z = 0, then, suppose 
that the Erst observer is placed in ip = +<3> and measure the component of the spin through 
the observables a and a' , while the second observer is placed in <p — — $ and measure the 
component of the spin through the observables b and b', where these operators are defined 


as a = 


cU+g " 3 


y/2 ’ a ~ V2 

of the Bell inequality can be given by 
by taking the quantum state given in Eq. (TT4l) . we obtain 


, b = a 3 and b' = a 1 . By following Ref. 79|, the maximum violation 


ab) + (a'b) + (aV) -(a'b 


< 2 y/2. Thereby, 


ab) + (a! b) + (ab') -(a'b 


= 2 \[2 I cosh 2 £ sin 2 /3 — l| 


(15) 


We can see in Eq. (fT5l) that the violation of the Bell inequality depends on the angle of 
the Wigner rotation /3 given in Eq. ([IT]) and the parameter £. Observe that the violation of 
the Bell inequality obtained from the quantum state of the correlated particles (fl4l) . given 
by the Fermi-Walker transport of spinors, is different with respect to that obtained in Ref. 

13]. This dependence on the angle /3 and the parameter £ means that the degree of violation 
of the Bell inequality decreases by making the spin measurements on the 1-axis of the local 
reference frame of the observers at p — ±<f>. This result stems from the relativistic effects 
of the Lorentz symmetry violation background and the accelerated motion of the correlated 
particles in the plane defined by z = 0 and p = const. However, by rotating the the spin 
axes of measurements through the angles =p (3 about the 3-axis of the local reference frame 
of the observers at (p = ±<L, we can recover both the initial spin anticorrelations and the 
maximum violation of the Bell inequality. 


11 














V. CONCLUSIONS 


From the description of fermions in a curved spacetime in the presence of Lorentz sym¬ 
metry breaking effects, we have established a possible scenario of the Lorentz symmetry 
violation in the Minkowski spacetime and obtained the Wigner rotation angle by using the 
Fermi-Walker transport of spinors. We have seen that the angle of the Wigner rotation 
is determined by the accelerated motion of the particle, the position of the observers and 
the Lorentz symmetry violation background. We have also discussed a possible application 
of this study in relativistic EPR correlations by using the WKB approximation, where a 
precession of the spins of the correlated particles and the decrease in the degree of the vi¬ 
olation of the Bell inequality are observed by making the spin measurements on the 1-axis 
in local frame of the observers. However, we have seen that by knowing the relativistic 
effects, we can recover the initial spin anticorrelations and the maximum violation of the 
Bell inequality by correcting the direction of the spin axis in terms of the Wigner rotation 
angle. Although experiments with relativistic spin-1/2 particle are very hard to perform, 
the present study suggests that experiments with relativistic EPR correlations could be a 
possible way of testing the violation of the Lorentz symmetry in the Minkowski spacetime 
as well as in a scenario of general relativity. 
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